A CMOS current mirror with lower than Vos(3a,) input voltage requirement is presented. It is shown that the structure can be modified to provide cascode-type output resistance for output voltages even lower than 2 Vns(sa,). The topology of the proposed current mirror allows low distortion operation from a single 1.5V supply, which makes it attractive for low-voltage applications.
A CMOS current mirror with lower than Vos(3a, ) input voltage requirement is presented. It is shown that the structure can be modified to provide cascode-type output resistance for output voltages even lower than 2 Vns (sa,) . The topology of the proposed current mirror allows low distortion operation from a single 1.5V supply, which makes it attractive for low-voltage applications.
Introduction: The current mirror is one of the most important building blocks of analogue integrated circuits. Modern VLSI systems now operating from single 3.3V supplies and dropping, require high performance current mirrors that can operate with low voltages. The fact that the V,, ~ V, of 
The output current of this structure can be found to be It must be noted that the A structure which possesses a cascode-type output resistance, has better symmetry and cancels the current offset term is shown in Fig. 2b . Here negative feedback is formed by MM2-Mb2, MMlMh1 and Mil and the output resistance is approximately given by results: Both circuits shown in Fig. 2 were simulated using a BSIM level-13 model provided for MOSIS 2 micron orbitanalog process. The total harmonic distortion of the Fig. 2a and b mirrors was better than 0.3 and 0.1%, for input current with amplitude 75pA and frequency 1 kHz and I, = lOpA, respectively. This distortion can be accounted for if a more precise model for transistors in the triode region is to be used. The simulated input and output characteristics and I,,, against V, for J n = 50pA of the Fig. 2b circuit are shown in Fig. 3. Fig. 4 A temperature stable external reference resistor is used to accurately control and tune the transconductance of an integrated current-mirror. The technique can be used to tune and optimise the bandwidth of the current-mirror for application in CMOS filters.
Introduction: Current-mode continuous-time filters which exploit a generic CMOS current-mirror are very promising for high frequency applications, and have lately been investigated considerably [ l ] . In this Letter we present a temperature stable resistive tuning compensation scheme to accurately adjusting the bandwidth of the current-mirror and hence the filter operating frequency.
Basic current mirror: As discussed in [2] , the bandwidth of the simple CM can be increased with resistive compensation as shown in Fig. la V,,,. To keep the voltage at node 1 and node 2 the same, the tuning current, I,u, which feeds into the drain of M,, must be drawn out from its source to maintain I,= I,, (this can be implemented with a simple sinWsource CM). With these conditions, and assuming MO, is operating in its linear region, and Mol, MI,, and MI, are biased in saturation, the following equations are derived
11 $-It, = 0.5/h(Vgs12 -%I2
(3) where all the symlbols have their usual meanings [3] . Eqns. 1 -3 are combined in eqn. 4 to give a better insight to the tuning and control mechanism.
Note that for I, = 0, an optimum transistor sue relationship exists which is only dependent on the transistor aspect ratios and it is well controlled,
